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(571 ABSTRACT

A medical apparatus for automatically measuring and

displaying the quantity of a liquid discharged by a pa-
tient during a defined real time interval. The apparatus
is comprised of a reusable housing and a disposable
plastic container adapted to be removably received 1n a
cavity in the housing. A transducer is mounted in the
floor of the cavity to engage the container and transmit
sonic pulses through the container wall into a liquid

- pool in the container. A molded silicon rubber cap is

fitted over the transducer to assure good acoustic cou-
pling between the transducer and the container without

requiring the use of an intermediate gel substance. The
container is configured such that when it is received in
the housing cavity, it is oriented to cause liquid entering

~ an inlet port in the top portion to pool over the flat

section of the container bottom wall. The apparatus
includes an electronic measurement subsystem for mea-
suring both the volume of liquid in the container and the
passage of real time and for digitally displaying the
volume of liquid accumulated within a defined real time
interval. The measurement subsystem periodically sam-
ples the liquid level in the container by energizing the
transducer to transmit an ultrasonic pulse. The pulse
travels through the container wall and the liquid pool |
and is reflected off the surface of the pool. The reflected
pulse then again passes through the liquid pool and 1s

-received by the transducer. The measurement unit de-

termines the travel or “flight” time duration between
pulse transmission and pulse receipt.

- 18 Claims, 15 Drawing Figures
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MEDICAL APPARATUS FOR MONITORING |
BODY LIQUID DISCHARGE

BACKGROUND OF THE INVENTION

This invention relates generally to medical apparatus
for monitoring the discharge of body liquids, e.g., urine.

Many devices are disclosed in the prior art for per-

forming urine measurement. For example only, atten-
tion is directed to U.S. Pat. No. 4,343,316, and to the
- various references cited therein, which discloses an
automatic measuring device operating on the fill and
dump principle.
A preferred medical apparatus which electronically
measures and displays the discharge of body liquids,

such as urine, is disclosed in U.S. patent application Ser.
No. 317,611 filed Nov. 3, 1981 by John H. Parrish and

assigned to the same assignee as the present application.
The importance of monitoring discharged body lig-
uids has long been known to the medical profession. For

example, low urine output often gives early warning of

inadequate blood flow and possible impending heart
and primary renal failure. Traditionally, urine volume
output of hospitalized patients has been monitored by a
nurse periodically visually examining the contents of a
calibrated disposable bag coupled to the patient by a
catheter and flexible tubing. |
More recently, automatic measuring devices, as ex-
emplified by aforecited U.S. Pat. No. 4,343,316, have
been disclosed which operate on a fill and dump princi-
ple, i.e., a small calibrated volume is repeatedly filled
and dumped into a larger receptacle. A significantly
different principle is employed in the aforementioned

patent application Ser. Np. 317,611 which includes a 35

disposable coontainer and an electronic measurement
unit for measuring the liquid in the container and the
passage of real time and for displaying the quantity of
liquid accumulated in the container within a deﬁned
real time interval.

SUMMARY OF THE INVENTION

The present invention is directed to an improved

medical apparatus for indicating the rate at which a
liquid is discharged by a patient.
- In accordance with the invention, the apparatus is
comprised of a reusable housing and a disposable plastic
container adapted to be removably received in a cavity
in the housing. A transducer is mounted in the floor of
the cavity to engage the container and transmit sonic
pulses through the container wall into a liquid pool in
the container.

In accordance with one aspect of the invention,
- means for provided to assure good acoustic coupling
between the transducer and the container without re-
quiring the use of an intermediate gel substance. In the
preferred embodiment, a molded silicon rubber cap is
fitted over the transducer with their smooth mating
surfaces intimately contacting one another. The cap
upper surface is slightly domed to enable it to make
essentially single point contact with a smooth flat sec-
tion of the bottom wall of the container. The cap mate-
rial is selected so as 10 be sufficiently compliant to inti-
mately conform to the container wall flat section and

avoid any air entrapment therebetween. The cap mate-
rial is also sufficiently resilient to enable it to tolerate
static loads in excess of five pounds and quickly recover
its shape.
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In accordance with a feature of the preferred embodi-
ment, the plastic container is configured such that when
it is received in the housing cavity, it is oriented to cause
liquid entering an inlet port in the top portion of the
container to pool over the flat sectlon of the container

bottom wall.

In accordance with another aspect of the invention,
an electronic measurement unit or subsystem 1s pro-
vided for measuring both the volume of liquid in the
container and the passage of real time and for digitally
displaying the -volume of liquid accumulated within a
defined real time interval. The measurement subsystem
periodically samples the liquid level in the container by
energizing the transducer to transmit an ultrasonic
pulse. The pulse travels through the container wall and
the liquid pool and is reflected off the surface of the
pool. The reflected pulse then again passes through the
liquid pool and is received by the transducer. The mea-
surement unit determines the travel or “flight” time
duration between pulse transmission and pulse receipt

which is related to the liquid volume in the container.
In accordance with the preferred embodiment, sev-

eral aspects of a patient’s liquid output are monitored
and displayed; e.g.,:

(1) CURRENT LIQUID VOLUME (milliliters)

(2) CURRENT INTERVAL DURATION (mm

utes)

(3) CURRENT INTERVAL OUTPUT (milliliters)

(4) CURRENT FLOW RATE (milliliters/hour)

(5 PRIOR INTERVAL OUTPUT (milliliters)

In accordance with an important feature of the pre-
ferred embodiment, the measurement subsystem in-
cludes noise reduction means to enhance the accuracy
of measurement and avoid errors which might be intro-
duced by, for example, perturbations in the pool surface

- which could be caused by the apparatus being jarred.

40

The preferred measurement subsystem includes a mi-
croprocessor which takes multiple samples (e.g., ap-
proximately 100 samples per second) in order to de-
velop each liquid volume reading. More particularly,
the microprocessor periodically activates the trans-
ducer and after each pulse is transmitted and received,

derives a flight count (or ‘“sample”) representing the

45

time duration required for the pulse to travel from the
transducer to the pool surface and back to the trans-
ducer. Each derived flight count is verified for reason-
ableness, as for example, by comparing it to preceeding

- flight counts. After a sufficient number of “good” sam-

50
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ples are acquired, the microprocessor determines a rep-
resentative flight count, and based thereon develops a

‘reading of the current liquid volume in the container.

In accordance with a further feature of the preferred
embodiment, a status indicator is provided to indicate
the reliability of the displayed information. Thus, the
measurement subsystem includes means for monitoring
the number of “bad” samples which occur so that a
“bad data” status indicator can be energized until a
sufficient number of good samples are acquired to yield
a “good data” status indication. The “bad data” indica-
tor merely indicates to an attendant that the currently
displayed data is unstable. |

In accordance with a further feature of the preferred

‘embodiment, the measurement subsystem continues to

operate to both measure elapsed real time and retain its

‘previously accumulated volume related data even while

an attendant is draining the container, or in fact, while
the container is temporarily removed from the housing,
as to ambulate the patient. Subsequently, when draining
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is completed, or the container is replaced, and a new
volume reading is developed, the previously accumu-
lated volume related data 1s updated.

The measurement subsystem preferably includes
means for comparing each new liquid volume reading
with the prior liquid volume reading. In the event a new
reading is less than the prior reading, which will occur
while an attendant is draining the container, the afore-
mentioned “bad data” status indicator will be ener-
gized. After draining is completed, a new liquid volume
reading will be developed, the volume related data will
be updated and the “bad data” status terminated, all
without attendant intervention.

DESCRIPTION OF THE FIGURES

FIG. 1 is an isometric view of a medical apparatus in
accordance with the present invention showing it in a
typical operational situation suspended from a bedrail;

FIG. 2 is a side elevation view of the apparatus of
FIG. 1 showing the manner in which a disposable con-
tainer can be inserted into an removed from the reusable
housing;

FIG. 3 is a top plan view of the apparatus of FIG. 1;

FIG. 4 is a rear plan view of the apparatus of FIG. 1;

FIG. 5 is a sectional view taken substantially along
the plane 5—5 of FIG. 3;

FIG. 6 is a front sectional view of the apparatus of
FIG. 5 with the hd open;

FIG. 6A is an enlarged detailed view of a portion of
FIG. 6 showing the transducer/container interface;

FIG. 7 is a top plan view of the disposable container
depicted in FIGS. § and 6;

FIG. 8 is an enlarged detailed view of the drip cham-
ber portion of the disposable container of FIG. 7;

FIG. 9 is a block diagram of the electronic measure-
ment and control subsystem incorporated within the
apparatus of FIG. 1;

FIG. 10 is a timing chart depicting the pulse sequence
occurring each time a sonic pulse is transmitted; and

FIGS. 11A through 11D comprise flow charts de-
scribing the operation of the electronic measurement
and control subsystem of FIG. 9. |

DETAILED DESCRIPTION

Attention is initially directed to FIG. 1 which depicts
a medical apparatus 20 in accordance with the present
invention suspended from a horizontally oriented bed-
rail 22. The apparatus 20 is comprised of a permanent
reusable housing 24 and a disposable container 26
adapted to cooperate with and be supported by the
housing 24. A disposable catheter tube 28 is provided
having a standard catheter coupling 30 at its proximal
end for communication with a catheter (not shown)
connected to the patient. The distal end of the catheter
tube 28 is connected to an inlet port of the container 26
to be discussed hereinafter.

Prior to describing the structural details of the em-
bodiment depicted in the figures, it would be well for
the reader to basically understand its intended applica-
tion. Although an apparatus in accordance with the
invention is suitable for monitoring any of various body
liquids, the exemplary application to be discussed herein
will assume that the apparatus is being used in a hospital
situation to monitor the urine output of seriously ill
patients. In such an application, the apparatus 20 1s
preferably suspended from a convenient location proxi-
mate to the patient, as from a rail 22 on the patient’s bed
or on the arm of a moveable stand located adjacent to

10

15

4

the bed. The catheter tube 28 is connected to the patient

via the catheter coupling 30 to transport urine produced
by the patient to the container 26. Consistent with this
application, the disposable container 26 will be assumed
to have a capacity in excess of 2,000 milliliters.

The housing 24 includes a hinged lid 32 which can be
opened to permit the container 26 to be readily inserted
in and removed from the housing. As will be explained
hereinafter, the housing 24 includes a transducer having
a compliant cap positioned so as to directly engage the
container wall to transmit sonic pulses therethrough
and through the liquid pool accumulated in the con-
tainer to the pool surface. The transducer is connected
to an electronic measurement subsystem which periodi-
cally energizes the transducer and determines the travel
or flight time of each sonic pulse to the pool surface and

" back to the transducer. Based upon a series of flight

20
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32

time measurements, the electronic subsystem deter-
mines the liquid volume of the pool. By also measuring
elapsed real time, the electronic subsystem determines
liquid flow rate and displays this and other information
on a digital display panel 34 mounted in the housing lid

With continuing reference to FIGS. 2-6, it is pointed
out that the housing 24 is basically comprised of a body
member 36 to which the lid 32 is connected by hinge 38.
The hinge 38 permits the lid 32 to pivot from the closed
operational position depicted in FIGS. 1 and 5 to the
open position depicted in FIGS. 2 and 6.

The housing body member 36 preferably comprises a
molded plastic structure including a rear member 40, a
bottom cross member 42, and left and right side mem-
bers 44 and 46. The side members 44 and 46 project
forwardly from the rear member 40 to thus form a cav-
ity 48 above the bottom member 42. The cavity 48 is
dimensioned and shaped so as to closely receive the
disposable container 26 therein in a particular orenta-
tion to be discussed hereinafter. More particularly, the
upper surface of the bottom member 42, that is the floor
surface of the cavity 48, is shaped to define a rear for-
wardly and downwardly sloping section 50. The for-
ward portion of the cavity floor surface is comprised of
side sections 52 and 54 which slope downwardly
toward a substantially flat central section 56. As is
shown in detail in FIG. 6A, a sonic transducer 58 1s
mounted in the central section 56. A silicon rubber cap
59 is fitted over the transducer 58 with the mating sur-
faces being smooth to permit Intimate contact to
achieve good acoustic coupling therebetween. The cap
59 has a domed upper surface 60 which projects slightly
from the cavity floor surface 56 into the cavity 48 for
engagement with the container bottom wall. The cap
material is selected so as to be sufficiently compliant to
enable it to intimately contact the container wall at
essentially a single point so as to avoid any air entrap-
ment therebetween. The cap material should also be
sufficiently resilient to tolerate static loads in excess of
five pounds with the ability to quickly recover its shape.
An electrical wire 62 is connected to the transducer 58
and extends to the measurement subsystem to be dis-
cussed hereinafter.

The lid 32 is mounted to the rear member 40 of the
body member 36 by hinge 38. The lid 32 defines depend-
ing front and rear walls 66 and 68 and bridging side-
walls 70, 71. Together, the walls of the lid 32 define a
small cavity 72 which overlays the cavity 48 defined by
the body member 36 to retain the container 26 therein as
is best depicted in FIGS. 5§ and 6.
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The electronic measurement subsystem 80, depicted
in block diagram form in FIG. 9, is mounted within the

housing 24 with the aforementioned digital display

panel 34 oriented above the small cavity 72. The panel
34 is preferably sloped forwardly and downwardly to
facilitate viewing when the lid is in the closed position
as depicted in FIGS. 1 and §.

The urine collection container 26 is preferably
formed of a substantially rigid plastic to define an inter-
nal volume of fixed dimensions. The container wall is
preferably transparent, having milliliter graduations 82
thereon, to permit the approximate volume of hquid
therein to be visually read. The container wall includes
front and rear portions 84 and 86, left and right side
portions 88 and 90, and top and bottom portions 92 and
94. The shape and dimensions of the container 26 are
selected to substantially conform to the shape and di-
mensions of the cavity 48. More particularly, the bot-
tom wall portion 94 of the container 26 is preferably
shaped so as to have a rear forwardly and downwardly
projecting section S0A conforming to the section 50 of
the cavity floor surface. Similarly, the container bottom
wall portion includes sloping side sections S2A and S4A
conforming to the sections 52 and 54 of the cavity floor
surface. Significantly, the container bottom wall por-

tion includes a flat central section 56A intended to en-

gage the domed surface 60 of transducer cap 59.

With the container bottom wall portion 94 shaped as
aforedescribed sloping toward the central flat section
S6A, any liquid in the container will pool over the sec-
tion 56A, assuming, of course, that the housing 24 is
substantially horizontally oriented. By assuring intimate
single point contact of the container bottom wall por-
tion central section S6A and the transducer cap surface
60, sonic pulses produced by the transducer S8 can be
coupled directly through the wall section S6A without
the necessity of using an intermediate gel substance. As
will be discussed hereinafter, each sonic pulse transmit-
ted by the transducer travels through the wall section

10

15

o 6
Preferably, a bacteriological filter (not shown) is
mounted within the aperture 103.

The front wall portion 84 of the container 26 is aper-

tured at 104 to define a drain port. A short flexible tube

106, having a clamp 107, thereon, is coupled to the drain

port 104. A retainer 108 is mounted on the outside of the
container front wall portion 84 to receive and retain the
distal end of the tube 106 therein. In order to drain the
urine from the container 26, the distal end of the tube

106 1s pulled from the retainer 108, the clamp 107 1s

released, and the end of tube 106 is placed below the
level of the drain port 104. |

In order for the apparatus to most accurately measure
the urine volume within the container 26, the container
should be oriented vertically with the flat section S6A
of the bottom wall portion extending horizontally. In
order to so orient the container 26, a gimbal mechanism,
best shown in FIGS. 3 and 4, is provided for supporting
the housing. The gimbal mechanism includes a first

0 U-shaped bracket 122 having first and second forwardly

25

30

335

56A and the liquid pool and is reflected from the upper

pool surface back to the transducer. The electronic
measurement subsystem 80 measures the travel or flight
time of each sonic pulse and based on a series of such
measurements determines the volume of liquid within
the fixedly dimensioned container.

As depicted in FIG. 8, the container upper wall por-
tion 92 is formed so as to define a drip chamber 96
immediately beneath an inlet nipple 98. The inlet nipple
98 is adapted to receive thereon the distal end of the
previously mentioned catheter tube 28. The drip cham-
ber 96 includes a first shelf 99 having a flow directing
dimple 100 therein and a second inclined shelf 101. The
purpose of the drip chamber 96 is to prevent the forma-
tion of a continuous urine column from the pool within
the container 26 to the catheter tube 28. The existence
of such a continuous column could provide a bacterio-
logical path from the urine pool to the patient. In order
to prevent the formation of such a continuous column,
the shelves 99 and 101 are located so as to interrupt the
column and require that urine entering the inlet port 98
from the tube 28 successively fall from the shelf 99 to
the shelf 101, from which it rolls off onto ledge 102 and
then down the container side wall into the pool above
the container bottom wall central section S6A.

The upper wall portion 92 of container 26 is vented at
aperture 103 to permit air to flow out of the container as
urine enters, or air to flow in as the container is drained.

45
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projecting arms 124 and 126. At their forward ends, the
arms 124 and 126 are mounted for pivotal motion
around spindles (not shown) extending outwardly from
the side members 44 and 46 of the housing body mem-
ber 36. The gimbal mechanism 120 also includes a sec-
ond U-shaped bracket 130 having upwardly extending
arms 132 and 134. The first and second U-shaped brack-
ets 122 and 130 are connected to one another for rela-
tive pivotal movement about axis 136. The upwardly
extending arms 132 and 134 terminate in sleeves 138 and

140. Supporting hooks 142 and 144 have ends at right

angles journalled in the sleeves 138 and 140. The upper
ends of the hooks 142 and 144 are arcuately shaped to
enable them to hang over and suspend the housing 24

from the bar 22, as shown in FIG. 1.

With the aforedescribed gimbal arrangement, the
housing 24 is able to pivot about a first horizontal axis
defined by the ends of arms 124 and 126 to enable the
central flat sections 56 and 56A to become horizontally
oriented, front to back. Additionally, the housing can
also pivot about a second horizontal axis 136 extending
front to rear to enable the central flat sections 56 and

S6A to assume a side to side horizontal orientation.

Thus, with the bar 22 essentially horizontally oriented,
the degrees of freedom permitted by the gimbal mecha-

nism 120 will permit the housing 24, and thus container
26, to orient itself to assure a horizontal orientation of
the central flat sections in both side to side and forward
to rear directions. With the apparatus so oriented, the
electronic measurement subsystem 80, to be described
hereinafter, can accurately measure and display the
volume of urine within the container. The manner in
which the subsystem determines the volume of urine

has previously been alluded to. Attention is now di-

rected to the block diagram of FIG. 9 which depicts the
organization of the electronic subsystem 80.
FIG. 9 schematically illustrates the container 26 with

its flat central section 56A engaging the domed surface

60 of the transducer 58. The transducer 58 will be as-
sumed to be a conventional ultrasonic transducer oper-

‘ating at a frequency on the order of 3.5 megahertz

although it should, of course, be understood that vari-
ous other transducers operating at different frequencies
are also appropriate. The transducer is preferably sealed
within a silicon rubber cap 59 which, as aforenoted, has
a dome shaped surface 60. When energized by a pulse
supplied by wire 62, the transducer will generate a burst
of ultrasonic energy which will be assumed to typically
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have a duration on the order of 200 nanoseconds. As is
well known, a typical ultrasonic transducer 38 can oper-
ate both in a transmit mode to transmit a burst of ultra-
sonic energy in response to an electrical pulse supplied
thereto and in a receive mode to generate an electrical
pulse when it is impacted by a burst of ultrasonic en-
ergy.

The volume measuring technique used in accordance
with the present invention provides for the transducer
to alternately operate in the transmit mode and the
receive mode. In the transmit mode, an electric pulse
supplied to wire 62 by a transmit amplifier means 154
causes the transducer to produce a burst of ultrasonic
energy which travels from the transducer, through the
aforementioned cap 59, through the central flat section
56A of the container, and into the liquid pool within the
container. The burst will travel through the liquid until
it reaches the discontinuity at the liquid surface which
causes some of the energy to be reflected downwardly
through the liquid. This reflected energy passes through
the container central flat section 56A, through the
transducer cap 59 and back into the transducer 58. The
ultrasonic energy impinging on the transducer causes it
to produce an electric pulse on wire 62 which 1s ampli-
fied by a receive amplifier means 156.

In accordance with the preferred electronic subsys-
tem 80 depicted in FIG. 9, the transmit amplifier means
154 and receive amplifier means 156 are controlled by a
programmed microprocessor 160 operating in accor-
dance with an operational sequence to be decribed here-
inafter. The microprocessor 160 can comprise any one
of numerous commercially available devices, such as a
Mostek MK3870. At this point, suffice it to say that the
microprocessor 160 periodically provides a TRANS-
MIT ENABLE pulse (FIG. 10, line A). The TRANS-
MIT ENABLE pulse is coupled to the transmit ampli-
fier means 154 which energizes the transducer 58 to
produce the burst of ultrasonic energy (FIG. 10, line B).
Additionally, the TRANSMIT ENABLE pulse sets flip
flop 166 (line D). When the reflected ultrasonic energy
is received by the transducer $8 (line C), the receive
amplifier means 156 will supply a reset pulse to flip flop
166.

The electronic subsystem 80 of FIG. 9 includes
means for measuring the duration of the travel or flight
time required by the ultrasonic energy to make the
round trip from the transducer, to the pool surface, and
back to the transducer. This flight time measurement
means includes a frequency stable oscillator 170, as-
sumed to be operating at 16.0 megahertz, and a counter
172. While the ultrasonic pulse 1s in flight, flip flop 166
will enable gate 174 to thereby couple the output of
oscillator 170 to the clock input of counter 172. The
counter 172, which is reset by each TRANSMIT EN-
ABLE pulse supplied by microprocessor 160, will
count oscillator output pulses while the flip flop 166 1s
in a true state to thus accummulate a count representing
the duration of the flight time. Each such count accum-
mulated by the counter 172 will sometimes hereinafter
be referred to as a sample count or merely, a “sample.”

As is depicted in FIG. 10, at the end of a certain
interval after the generation of the TRANSMIT EN-
ABLE pulse, e.g., 300 microseconds, the microproces-
sor 160 will read the counter 172. As will be discussed
hereinafter, each sample so derived is subjected to a
reasonableness test, as by comparing it with prior sam-
ples, to determine whether the sample is good or bad.
After a certain number N of good samples are gathered,
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they are subjected to a smoothing operation, such as a
simple mathematical averaging. The average sample
count is then used to develop a liquid volume reading.
The mathematical smoothing operation minimizes the
effect of perturbations at the pool surface as may be
caused by jarring the apparatus. After each volume
reading is developed, a determination is made as to how
the liquid volume is changing; e.g., increasing, which 1s
typical of normal operation or decreasing, as is indica-
tive of the container being drained. Based upon the
nature of the change in the liquid volume, the micro-
processor 160 will then perform certain tasks which will
typically involve updating the values displayed on the
digital display panel 34.

The display panel 34 preferably includes independent
or time shared display sections respectively identified in
FIG. 9 as CURRENT LIQUID VOLUME (illiliters)
176, CURRENT INTERVAL DURATION (minutes)
180, CURRENT INTERVAL OUTPUT (mlliliters)
182, CURRENT FLOW RATE (milliliters/hour) 184,
and PRIOR INTERVAL OUTPUT (milhliters) 186.
Additionally, the display panel 34 includes two (red and
green) status indication lights 188.

The microprocessor 160 measures elapsed real time
and on the display 180, indicates the portion of a current
interval which has elapsed; e.g., display 180 will indi-
cate in minutes the portion of a current one hour inter-
val which has elapsed. Display 176 will indicate the
total volume of liquid (e.g., in milliliters) currently 1n
the container. Display 182 will indicate the volume of
liquid which has accummulated during the interval
indicated by display 180. The display 184 will indicate
the current flow rate (e.g., in milliliters per hour) 1.e.,
the rate at which liquid is accummulating during the
current interval. Display 186 will indicate the volume of
liquid accummulated during an immediately prior inter-
val.

The electronic subsystem 80 is preferably powered
by a battery subassembly 200 which is continually re-
charged by the 110 volt line cord 202. The subassembly
200 may, for example, use gelled electrolyte lead acid
type batteries which are charged from a transformer
converting the line voltage to about 10 volts. This low
voltage is then wire fed to power the electronic subsys-
tem 80 including the display panel 34 and transducer 58.
Utilization of a rechargeable battery subassembly in this
manner enables the system to ignore any short term loss
of line voltage.

Attention is now directed to FIG. 11A which com-
prises a flow chart generally depicting the operation of
microprocessor 160. The flow chart of FIG. 11A in-
cludes a first block 300 which represents the execution
of an initialize subroutine. The subroutine 300 1s entered
as a consequence of a POWER ON, i.e., start up condi-
tion, or by a software or hardware initiated reset.

After execution of the initialize subroutine 300, the
microprocessor executes a timer/display update subrou-

‘tine 302. Subroutine 302 will be discussed in greater

detail in connection with FIG. 11B. Suffice 1t to say at-
this point that the subroutine 302 is executed on a peri-
odic interrupt basis as determined by a pulse generated
by a hardware timer (not shown) within microprocessor
160. The interrupt will be assumed to occur at one sec-
ond intervals. During execution of the subroutine 302,
the aforementioned displays 176, 180, 182, 184 and 186
are updated.

After execution of the subroutine 302, the micro-
processor 160 executes the determine liquid volume
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subroutine 304. The details of the subroutine 304 will be
discussed hereinafter in connection with FIG. 11C. It
will suffice at this point to understand that during the
execution of subroutine 302, the transducer will be peri-
odically energized to acquire multiple samples or flight
counts. After a sufficient number of good samples are
acquired, a liquid volume reading is determined. After
execution of the subroutine 304, a calculate/load dis-
play registers subroutine 306 is executed. The details of
subroutine 306 will be considered in connection with
Figure 11D. Basically, subroutine 306 functions to up-
date each of a plurality of display registers. For clarity
herein, it shall be assumed that the microprocessor 160
includes a different dedicated display register for each
of the five displays 176, 180, 182, 184, and 186 depicted
in FIG. 9. These registers can be separately imple-
mented but in the preferred embodiment will comprise
different locations in the memory of microprocessor
160. Additionally, it will also be assumed that a single
bit display register is provided to define the state of the
status indicator 188. _

As depicted in FIG. 11A, the microprocessor will
typlically be executing subroutines 304 and 306 except
that it will be periodically interrupted at one second
intervals to execute subroutine 302.
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Attention is now directed to FIG. 11B which depicts

the operation of the timer/display update subroutine
302. Block 310 depicts the operational step which
causes the data in the aforementioned display registers
to be written into the displays 176, 180, 182, 184, 186.
Thereafter, a timer register which keeps track of sec-
onds (hence, hereinafter referred to as the seconds regis-
ter) is incremented as represented by block 312. Deci-
sion block 314 then tests to determine whether the sec-
onds register equals 60; i.e., has a full minute elapsed
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since the seconds register was last reset. If the test in

decision block 314 yields a negative response, then the

interrupt which initiate the subroutine 302 is terminated

and the microprocessor 160 executes a return 315 to
whatever program step it was to execute prior to the
interrupt. If, on the other hand, the test defined by
decision block 314 yields a positive response, then a
timer register which keeps track of minutes (hence,
hereinafter referred to as the minutes register) is incre-
mented as represented by the block 316. Decision block
318 then tests to determine whether the minutes register
equals 60, i.e., has one hour elapsed since the minutes
register was last reset. If decision block 318 yields a
negative response, then operation jumps to block 320
which causes the current flow rate to be calculated and
the CURRENT FLOW RATE display register to be
updated. Thereafter, as represented by block 320, the
data from all of the display registers are written into
- their respective displays.

If the decision block 318 yields a positive response,
meaning that an hour has elapsed since the minutes
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Attention is now directed to FIG. 11C which depicts
the operation which occurs in aforementioned subrou-
tine 304. Block 340 depicts the operation performed to
acquire a flight count. Basically, in the execution of
block 340, the sequence depicted by the aforediscussed
FIG. 10 is performed. That 1s, a sonic pulse is transmit-
ted from the transducer 58 to cause the counter 172 to
accumulate a flight count or sample. After the sample
has been acquired, decision block 342 is executed to test
to see whether the sample is a good or bad sample. Prior
to proceeding with a description of the steps to be exe-
cuted in subroutine 304, it would assist the reader to
recall the environment in which the apparatus is being
used and certain factors which may effect the accuracy
of acquired liquid volume readings.

As previously discussed, the apparatus in accordance
with the present invention is typically used in a hospital
environment in which it is suspended from a bedrail or
from a support arm of a special support apparatus. In
such an environment, the apparatus may be subjected to
a certain amount of vibration or occasional jarring
which would perturb the surface of the liquid pool in

the container 26. Inasmuch as liquid volume measure-

ments are made in accordance with the invention by
reflecting an ultrasonic pulse off the pool surface, per-
turbations of the pool surface can give erroneous vol-
ume readings. In order to reduce the effects of such
perturbations and other noise sources, the invention
incorporates noise reducing means to yield more accu-
rate volume readings.

In order to reduce the effects of surface _perturba-'

tions, the invention utilizes multiple samples to derive

each volume reading. Thus, a predetermined number of
N good samples, e.g., 256 samples in the preferred em-
bodiment, are taken and subjected to a smoothing oper-
ation, such as mathematical averaging, to arrive at a
representative sample from which a volume reading is
determined. By utilizing a large number of multiple
samples to determine the volume reading, the errors
that would otherwise be introduced by surface pertur-
bations are essentially nulled.

In order to further enhance the accuracy of measure-
ment, each derived sample is initially subjected to a test
to determine whether it is good or bad. In the preferred
embodiment, the good/bad test compares each newly
derived sample with an appropriately weighted average
of prior samples to see whether the new sample count
falls within a predetermined range. If it does, then the
new sample is considered a good sample and is accepted
as one of the predetermined number N of samples to be
used to develop a new volume reading. On the other

~ hand, if a new sample falls outside the predetermined
- range, it is considered bad and not utilized in the deter-
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register was last reset, then operation steps to block 324.

In block 324, the minutes register is reset to 0. The
contents of the CURRENT INTERVAL OUTPUT
display register is transferred to the PRIOR INTER-
VAL OUTPUT display register. Additionally, the
CURRENT INTERVAL OUTPUT display register is
reset.

After execution of the block 320, the mterrupt which
initiated subroutine 302 is terminated and microproces-

sor 160 executes a return 321 to the program step about
to be performed just prior to the interrupt.

mination of a new volume reading. Moreover, if a pre-
determined number M of bad samples occur prior to the
occurrence of a predetermined number N of good sam-
ples, then the system discards all of the samples and
starts over again to acquire new samples to determine a
new volume reading.

With the foregoing background in mind, attention 1s
again directed to FIG. 11C. Decision block 342 tests to

~ determine whether each acquired sample is good or

65

bad. As previously mentioned, a sample will be consid-
ered good if it has a count value which 1s sufficiently
close to the count value of immediately preceeding

- samples so as to be reasonable. If the sample is good, the

microprocessor 160 will exit from decision block 342 to
block 344 which causes the count value of the sample to
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be stored and the good sample counter to be incre-
" mented. Operation then proceeds to decision block 346
which tests to determine whether the good sample
counter has been incremented to a predetermined num-
ber N. That is, as has been mentioned, in the preferred
embodiment it is necessary to acquire 256 good samples
in order to develop a volume reading. If the test de-
picted by decision block 346 indicates that the good
sample counter has been incremented to a count of 256,
then the microprocessor steps to block 348. In block

10

348, the 256 good samples which have been stored are

averaged to develop a representative sample or flight
count. This representative sample or flight count is then
used to determine the current liquid volume. It should
be appreciated that inasmuch as the physical dimensions
of the container 26 are fixed, a simple table look up
procedure can be utilized to convert the representative
sample to a liquid volume reading. Also in block 348,
the contents of the CURRENT LIQUID VOLUME
display register is transferred to a PRIOR LIQUID
VOLUME memory register and the newly determined
current liquid volume reading is loaded into the CUR-
RENT LIQUID VOLUME display register.

If, on the other hand, decision block 346 yields a
negative response, meaning that N good samples have
not yet been acquired, operation jumps back to block
340.

Also, if the test depicted by decision block 342 indi-
cates that a new sample is not a good sample, i.e., a bad
sample, then operation steps to block 354 in order to
increment a bad sample counter. Decision block 356
determines whether the bad sample counter has been
incremented to a predetermined count M and, if so,
operation steps to block 358. Block 358 causes the red
status indicator to be set to indicate to a user that the
displayed current data is unstable. Operation steps from
block 358 back to block 340. |

If the test represented by decision block 356 yields a
negative response, meaning that a predetermined num-
ber M of bad samples has not yet occurred, then opera-
tion steps directly from decision block 356 back to
block 340.

On the assumption that N good samples have been
taken and that a new current liquid volume reading has
been determined, operation will exit from block 348 of
subroutine 304 and enter decision block 362 of the cal-
culate/load subroutine 306, depicted in FIG. 11D.

Decision block 362 examines the change in successive
volume readings. That is, the difference between the
current liquid volume reading and the prior hquid vol-
ume reading (AV) is determined. If AV is negative
meaning that the current liquid volume reading is less
than the prior liquid volume reading, this indicates that
the container 26 is being drained. While draining 1s
occurring, microprocessor 160 will exit from decision
block 362 to block 364 in which the red status indicator
is energized to indicate to the user that the current data
being displayed is unstable.

On the other hand, in normal operation when the
container 26 is not being drained (including after drain-
ing has been completed), the decision block 362 will
yield a negative response meaning that the current lig-
uid volume equals or exceeds the prior liquid volume.
In this case, operation will step to block 366 in which
the green status indicator is set and the quantity AV is
added to the contents of the CURRENT INTERVAL
OUTPUT register. After execution of block 364 or
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12 _
block 366, operation will return to subroutine 304 of
FIG. 11C.

From the foregoing, it will be recognized that an
improved medical apparatus has been disclosed herein
for measuring and displaying the quantity of liquid dis-
charged by a patient. The apparatus is characterized by
the utilization of a disposable container of fixed dimen-
sions which is receivable in a reusable housing. The
housing includes a transducer which functions to peri-
odically transmit an ultrasonic pulse through a dry in-
terface through the container wall and into a liquid pool
in the container. The ultrasonic pulse is reflected by the
discontinuity at the surface of the liquid pool and re-
turned to the transducer. A measurement subsystem
within the housing determines the roundtrip time dura-
tion required for the ultrasonic pulse to travel from the
transducer to the pool surface. Each measured time
duration is examined to determine its reasonableness,
i.e., whether it is good or bad. After a predetermined
number of good measurements have been taken, they
are used to develop a current liquid volume reading
which is then used to update previously accumulated
volume related data. The volume related data as well as
real time interval information, is presented on a digital
display. |

It is important to recognize that the preferred mea-
surement subsystem described herein continues to oper-
ate to both measures elapsed real time and retain 1ts
accummulated volume related data while the container
is being drained and even when the container is tempo-
rarily removed from the housing. Thus, an attendant
can drain the container or remove it from the housing to
ambulate the patient without deteriorating the accuracy
of the volume related data being accummulated by the
apparatus which data is, of course, indicative of the
patient’s medical condition.

Although a preferred embodiment has been disclosed
herein, it is recognized that modifications and variations
will readily occur to those skilled in the art falling
within the intended scope of the appended claims. Thus,
for example, although the electronic subsystem dis-
closed herein utilizes a programmed microprocessor, it
is, of course, recognized that the subsystem could alter-
natively be implemented utilizing dedicated hardware.

What is claimed i1s:

1. Medical apparatus useful for measuring the dis-
charge of a liquid, such as urine, from a patients body,
comprising:

housing means including a cavity having a floor sur-
face;

a substantially rigid wall container removably receiv-
able in said cavity with a bottom wall portion of
said container supported on said floor surface;

conduit means for supplying said discharged liquid to
the interior of said container to form a pool on an
interior surface of said bottom wall portion;

transducer means mounted in said floor surface for
engaging an exterior surface of said container bot-
tom wall portion whereby said transducer means is
bacteriologically isolated from the liquid in said
container;

means for periodically energizing said transducer
means to transmit energy through said bottom wall
portion and said pool; and

means for determining the time duration required for
said transmitted energy to travel from said trans-
ducer means to the upper surface of said pool.



4,658,834

13

2. The apparatus of claim 1 wherein said means for
determining time duration comprises processor means
for measuring the travel time required for said transmit-
ted energy to travel from said transducer means to said
pool surface and return to said transducer means; and
wherein

said processor means includes means responsive to
said measured travel time for indicating the volume
of liquid in said pool.

3. The apparatus of claim 2 wherein said processor
means further includes means for measuring elapsed
real time; and |

display means responsive to said processor means for

displaying the volume of liquid accumulated in said
pool within a defined real time interval.

4. Medical apparatus useful for measuring the dis-
charge of a liquid, such as urine, from a patient’s body,
comprising:

a container of fixed dimensions formed by a wall

including a bottom wall portion having interior and
extenior surfaces;

an inlet port formed in said container Spaced from

said bottom wall portion;

a flexible tube having a distal end coupled to said
container inlet port and a proximal end adapted to
be coupled to said body;

housing means for removably receiving said con-

14

- transducer and means for measuring the time required

for each transmitted pulse to propagate to the upper
surface of said pool and return to said transducer.

11. The apparatus of claim 4 wherein said processor
means further includes means for measuring elapsed

~ real time; and
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tainer with said inlet port vertically above said

bottom wall portion to cause liquid entering said
inlet port to pool over said bottom wall portion;

said housing means including a transducer located so
as to engage said bottom wall portion exterior sur-
face when said container is received in said housing
means so as to bacteriologically isolate said trans-
ducer from the liquid in said container; and

processor means for energizing said transducer to
transmit a pulse and for measuring the time dura-
tion required for the pulse to travel through said
bottom wall portion and said liquid pool to the
upper surface thereof and for determining the vol-
ume of liquid in said pool based on said measured
time duration.

5. The apparatus of claim 4 wherein said housing

means includes a cavity defined by spaced side members

and a connecting bottom member, said cavity being
shaped and dimensioned to removably receive said
container in a particular orientation with said container
bottom wall portion substantially adjacent said cavity
connecting bottom member.

6. The apparatus of claim 4 wherein said container
bottom wall portion includes a flat section and at least
one side section sloped toward said flat section whereby
liquid entering said inlet port will pool over said flat
section.

7. The apparatus of claim 6 including means acousti-
cally coupled to said transducer for direct single point
contact with said container flat section.

8. The apparatus of claim 7 wherein said means
acoustically coupled to said transducer comprises a
substantially dome-shaped cap formed of compliant
material for directly contacting said container flat sec-
tion without entrapping air therebetween.

9. The apparatus of claim 4 including glmbal means
coupled to said housing means for supporting said con-
tainer with said flat section oriented essentially horizon-
tally.

10. The apparatus of claim 4 wherein said processor
means includes means for periodically energizing said
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display means responsive to said processor means for

displaying the volume of liquid accumulated in said
pool within a defined real time interval.

12. The apparatus of claim 4 wherein said transducer
is energizable to transmit an ultrasonic pulse.

13. In a medical apparatus including a container for
collecting a liquid such as urine discharged from a pa-
tient’s body, a subsystem for measuring the volume of
llquld collected 1n said container, sald subsystem com-
prising:

transducer means energizable to transmit a pulse -

through said liquid and receive a pulse reflected
from the surface of said liquid;

means for periodically energizing said transducer

means to transmit a series of pulses;

means for measuring the time duration required for

each pulse to travel from said transducer means
through said liquid to the surface thereof and from
said surface through said liquid to said transducer
means;

noise reduction means for evaluating -whether each

time duration measurement 1s good or bad; and
means responsive to a predetermined number of good
- time duration measurements for determining the
volume of liquid in said container. | |
- 14. The subsystem of claim 13 meludmg
- a status indicator means; and
means responsive to a predetermmed number of bad
time duration measurements for energizing said
‘status indicator means.

15. The subsystem of claim 13 wherein said means for

determining the volume of liquid in said container in-

- cludes means for comparing. each determined liquid
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volume with a previously determined liquid volume;
status indicator means; and
- means responsive to each determined liquid volume
‘being less than the previously determined liquid
volume for energizing said status indicator means.
16. The subsystem of claim 13 including means for
continually measuring elapsed real time; and
means responsive to said measured elapsed real time
and said determination of liquid volume for dis-
- playing the volume of liquid collected in said con-
tainer within a defined real time interval. |
17. A disposable container for collecting a liquid
discharged from a patient’s body useful in a medical
apparatus including an electronic subsystem for measur-
ing the volume of hqmd collected in sa1d container, said
container comprising: |
a substantially rigid wall formed to define spaced
front and rear wall portions and spaced top and
bottom wall portions enveloping an internal vol-
“ume of fixed dimensions;
an inlet nipple formed in said wall prommate to said
top wall portion and adapted to receive the distal
end of a catheter tube thereon;

sald bottom wall portion including a central flat sec- '
~ tion, first and second side sections contiguous with

and on opposite sides of said flat section, and a rear
section contiguous with said flat section and said
side sections, said flat section having a smooth
external surface for direct contact with an ultra-
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sonic transducer means and wherein said side and
rear sections slope downwardly toward said cen-
tral flat section for causing liquid entering said inlet
nipple to pool over said flat section; and

drip chamber means including a shelf formed in said

container between said inlet nipple and said bottom
wall portion for preventing the formation of a con-
tinuous liquid column from said catheter tube to
said liquid pool.

18. In a medical apparatus including a container for
collecting a liquid such as urine discharged from a pa-
tient’s body, a subsystem for displaying data indicative
of the rate said liquid is discharged by said patient, said
subsystem comprising:
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means for periodically deriving a sample indicative of
the volume of liquid in said container;

means for comparing each newly derived sample
with one or more previously derived samples to
test whether or not each newly.derived sample is
good;

means responsive to a sequence of N good samples
for developing a volume reading representing the
current liquid volume in said container;

means for continually measuring elapsed real time;
and

means responsive to the difference between succes-
sively developed volume readings and said means
for measuring elapsed real time for displaying data
indicative of the rate of accummulation of liquid in

said container.
x B * % %
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